There was an association between hyperlactataemia and the presence of clinical shock in patients studied before transfusion. This suggests that the lactic acid has resulted from tissue hypoxia and consequent anaerobic glycolysis. It may, however, be more directly related to high levels of circulating catecholamines, as has been suggested in experimentally induced haemorrhagic shock (Halmagyi et al., 1967) . Arterial hypoxaemia cannot have been an important factor in the present study as the lactate concentration tended to be higher in the patients with a normal arterial oxygen tension. Moreover, the mild degree of hypoxaemia in the other patients (62-80 mm Hg) would not, on the basis of experimental work in animals, be expected to cause lactic acidosis, even in the presence of hypocapnia (Takano, 1968) .
The results in the present study suggest that blood transfusion itself can cause a rise in blood lactate concentration. This is in accordance with experiments on animals with haemorrhagic shock, where transfusion with bank blood has caused a fall in blood pH (Nahas et al., 1961 ). An explanation for these observations is provided by the fact that red blood cells in stored bank blood, with added acid-citrate-dextrose (A.C.D.), metabolize the dextrose anaerobically to lactic acid (Gullbring and Strom, 1956; Nahas et al., 1961) . It has been found that the lactate concentration exceeds 100 mg/100 ml after 10 days' storage (Gullbring and Strom, 1956) , and that the pH falls to 62 after three weeks' storage (Nahas et al., 1961) . These observations may have therapeutic implications, since acidosis has been implicated (Gain, 1962) as one of the factors cQntributing to the high incidence of cardiac arrest following massive blood transfusion (Howland et al., 1956; Le Veen et al., 1960; Boyan and Howland, 1963) . Infusion of alkali has been shown to decrease the mortality rate following rapid transfusion in the experimental animal (Nahas et al., 1961) and in patients undergoing major surgery (Howland and Schweizer, 1965 (VTS 13) , and a thermostatted cell were used.
Potassium was measured with a flame photometer and 0-3 mEq of potassium was considered to be a significant change.
Results
Details of the patients in the study are given in Table I. The changes in blood gases, pH, and plasma potassium before, during, and after anaesthesia are shown in Table II .
If the Paco, is taken as an indication of ventilation then in cases la, 4, 5, 6, and 9 the compensation for metabolic acidosis present during spontaneous conscious breathing was to a greater or lesser extent abolished during anaesthesia.
In cases lb, Ic, and 2 spontaneous overbreathing probably reflects a persistent intracellular acidosis with excessive compensation for extracellular pH; during anaesthesia the reduction in ventilation tends to correct the extracellular respiratory alkalosis. In case 7 the problem was complicated by hypoxia in the presence of a profound anaemia; nevertheless, there was also a pronounced increase in Paco2 during anaesthesia. In general terms the pH shifted inversely with Paco., changes during anaesthesia. In case 6 the period of anaesthesia was only 15 minutes and in all other cases the patients had been anaesthetized for at least 30 minutes before arterial samples were collected.
In cases 3 and 8 very small or no changes in Paco., occurred.
Large increases in the Pao2 and the potassium rose in Case 3 and fell in Case 8.
In Case 10 the possible danger of hyperkalaemia due to underventilation had been appreciated. Though a preceding haemodialysis had induced a mild alkalosis moderate overventilation during anaesthesia prevented any change in plasma potassium.
Discussion
The present work supports the postulate that the failure to maintain compensatory overbreathing during anaesthesia in patients with renal failure could explain fatalities due to a sudden rise in plasma potassium.
Cardiac conduction disturbances during anaesthesia in uraemic patients have been studied by Compamanes et al. (1959 there was a rise in arterial and coronary sinus blood potassium levels during respiratory acidosis. If the degree of hypercapnia was maintained during anaesthesia there was no further rise in plasma potassium, but there was a sudden rise in coronary sinus blood potassium immediately on stopping the hypercapnia and during this time severe cardiac arhythmias occurred.
The use of suxamethonium during anaesthesia has been incriminated as the cause of cardiac arhythmias due to a rise in plasma potassium. Paton (1956) showed that as much as 1%0 of muscle potassium could be released after the administration of suxamethonium to the isolated gastrocnemius muscle. It was also shown that the plasma potassium could be raised with suxamethonium in the intact animal and was thought to be due neither to sympathetic ganglion stimulation nor to the effect of sympathomimetic agents on the liver. Holmes et al. (1958) showed that haemodialysis with Kolff twin-coil kidney reduced the level of plasma cholinesterases, and Le Vine and Virtue (1964) emphasized that the use of suxamethonium in patients with renal failure treated by haemodialysis should be avoided. Katz et al. (1967) reported no adverse reactions during their routine use during 24 renal transplantation operations, but Lofstr6m (1967) described three episodes of ventricular tachycardia and fibrillation in his series of 21 patients. Roth and Wiitrich (1969) reported five cases of cardiac arrest after suxamethonium, two of these patients were uraemic with plasma potassiums exceeding 6 mEq/1 before anaesthesia. Powell (1970) described the occurrence of hyperkalaemia and E.C.G. changes in the T wave and loss of the P wave with short runs of ventricular tachycardia in a uraemic patient after the use of suxamethonium in anaesthesia. The preoperative plasma potassium was normal and rose to 6-9 mEq/l. during the operation. No blood gas studies were performed on this patient.
Of the 12 anaesthetics studied, suxamethonium was used in eight and not used in four cases. In the eight cases in which suxamethonium was used there was no significant rise in the plasma potassium during anaesthesia in five. In three of the four cases in which suxamethonium was not used there was a significant rise of plasma potassium; in one other 246 BRITISH MEDICAL JOURNAL 1 MAY 1971 patient (case 8) there was a significant fall of plasma potassium during the anaesthesia, but he was on oral potassium-absorbing resin.
The observations in the present work suggest that plasma potassium increases during anaesthesia in the presence of metabolic acidosis due to renal failure may be explicable on a rise in Paco2 and a consequent fall in blood pH. Our results do not support the suggestion that suxamethonium is an important factor, and previous publications ascribing such a hyperkalaemia to the effect of suxamethonium have failed to present any evidence on gas exchange.
In the presence of metabolic acidosis of renal failure safe anaesthesia must take into account the compensatory overventilation which is present in these patients. The characteristic findings on gas analysis are lowered PAco2 and a high or higher level than nornal Pao,. The high oxygen partial pressure can be explained on the basis of a raised PAo2 (alveolar oxygen tension) as a consequence of the lowered PAco2 (alveolar CO2 tension) because of the compensatory overventilation. Ideally, blood gases should be measured shortly before a patient with renal metabolic acidosis has to undergo anaesthesia, so that the ventilation during anaesthesia will maintain the Paco. unchanged during anaesthesia. Frequently blood gas analysis is not practicable, but fortunately in the metabolic acidosis of renal failure there is a close correlation in the absence of pulmonary morbidity between the arterial carbon dioxide tension and the plasma bicarbonate as measured in the laboratory.
It must be emphasized that halothane anaesthesia with spontaneous breathing can also lead to hypoventilation in the context of a metabolic acidosis.
Results
Arterial blood gases were measured at the beginning and end of 12 peritoneal dialysis cycles; in seven before and after running in the dialysate and in five with the dialysate run in and after emptying. In Table IV 
Introduction
Infective pulmonary complications of peritoneal dialysis were well described by Berlyne et al. (1966) . He concluded that it was preferable to carry out peritoneal dialysis with 1-litre rather than 2-litre cycles to lessen the pulmonary complications. More recently Finn and Jowett (1970) described a case of acute hydrothorax complicating peritoneal dialysis. The present observations have been made during different phases of peritoneal dialysis in patients who had no clinical evidence of pulmonary disease, in order to assess the effect on ventilation of introducing or removing fluid from the peritoneum.
Methods
Blood gas changes across 12 phases of peritoneal dialysis were studied in seven patients whose clinical details are given in Table III . Arterial blood samples were collected into heparinized syringes and Pao2, Paco, and pH were measured as soon as they reached the laboratory. Radiometer equipment was used and all blood estimations were carried out by one of us (M.J.G.). Details of the method are given in Part I.
Samples of blood were taken fairly near the start of dialysis, once it was established that the dialysis was proceeding satisfactorily. The sample was taken when the fluid had been run in or run out. In order that the change in blood gases could be measured, if the first sample was taken during the full phase another was taken as soon as that fluid had been run out or vice versa. The patients were all male, undergoing peritoneal dialysis during the assessment period of their end-stage renal disease. All the patients had endogenous creatinine clearance of less than 5 ml/min.
Values for the alveolar oxygen tensions were calculated according to the method suggested by Benzinger (1937 there was an increase in Pao, when the dialysate had been run out. The changes in Paco2 were less consistent but in most cases moved in the opposite direction to that of Pao2. These findings would be consistant with some degree of basal pulmonary collapse during the presence of dialysate in the abdomen which was reversed when the abdomen was empty. Berlyne (1966) ascribed the infective pulmonary complications of peritoneal dialysis to plugs of mucus being drawn down into the re-expanding pulmonary bases after temporary collapse during abdominal filling. In our own series infective pulmonary complications were not obvious but the rapid reversal of the arterial gas exchanges on emptying the abdomen cannot be accepted as an argument against Berlyne's hypothesis explaining the infective complications. Most patients with either acute or chronic renal failure are anaemic, and a reduction of arterial oxygen tension may be of considerable importance. With the evidence that the larger cycle tends to cause a greater reduction in Pao, suggests that 1-litre cycles should be more frequently used, as was suggested by Berlyne for other reasons. Unlike the observations on anaesthesia in patients with metabolic acidosis due to renal failure peritoneal dialysis causes only minor changes in Paco2 and it is unlikely that the metabolic acidosis is aggravated by this procedure, the more so as the dialysing fluid will contain acetate or lactate. Nor will the possibility of a sudden hyperkalaemia be of significance, as potassium is being removed during the dialysis.
